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 A valid diagnosis method for the speed sensor failure (SSF) is an essential 
requirement to ensure the reliability of Fault-Tolerant Control (FTC) models 
in induction motor drive (IMD) systems. Most recent researches have 
focused on directly comparing the measured and estimated rotor speed signal 
to detect the speed sensor fault. However, using that such estimated value in 
both the fault diagnosis and the controller reconfiguration phases leads to  
the insufficient performance of FTC modes. In this paper, a novel diagnosis-
technique based on the stator current model combined with a confusion 
prevention condition is proposed to detect the failure states of the speed 
sensor in the IMD systems. It helps the FTC mode to separate between  
the diagnosis and reconfiguration phases against a speed sensor fault. 
This proposed SSF diagnosis method can also effectively apply for IMs’ 
applications at the low-speed range where the speed sensor signal often 
suffers from noise. MATLAB/Simulink software has been used to implement 
the simulations in various speed ranges. The achieved results have 
demonstrated the capability and effectiveness of the proposed SSF method 
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S   Stator flux vector in [α, β] coordinate system 
S
R   Rotor flux vector in [α, β] coordinate system 
 
S
Si   Stator current vector in [α, β] coordinate system 
 
S
Ri   Rotor current vector in [α, β] coordinate system 
 
S
Su   Stator voltage vector in [α, β] coordinate system 
 
,S Su u   Stator voltage component in [α, β] system 
 
,Sx Syu u   Stator voltage component in [x, y] system 
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 , ,a b cu u u  Stator voltage component in [a, b, c] system 
Sxi   Flux current component 
 Sy
i
  Torque current component 
 mi   Magnetizing current 
 ,S RR R   Stator and rotor resistance 
 ,S RL L   Stator and rotor inductance 
 mL   Magnetizing inductance 
 RT   Rotor time constant 
 m   Mechanical angular speed 
 en   Mechanical angular speed of the encoder 
 
p
  Pole pair number 
 R   Nominal rotor flux 
,R R    Rotor flux component in [α, β] system 
 





Due to the advantages of economics, ruggedness, self-starting, and stable in operation, the three-
phase induction motor (IM) has become the most popular electrical machine in the industry. In the past, 
IMs were often applied in the uncontrollable speed applications. Nowadays, with the advanced technologies 
in high-performance power converters and modern control algorithms, IMs can operate more flexibly in both 
fixed-speed and variable-speed drives [1]. 
Typically, the separate controls of speed and torque are two primary requirements for all electrical 
drives. Various methods have been proposed to control IMs’ drive systems and classified into two main 
groups: Scalar Control (SC) and Vector Control (VC). In SC techniques, the torque and speed are controlled 
based on a constant volts-per-hertz ratio principle. It is simple, and no sensors required, but it is unable to 
control the torque and speed of IMs at the same time [2]. On the other hand, the VC technique in which  
the rotor field-oriented control (RFOC) is the most typical method can overcome that problem of the SC 
technique. In the RFOC model, the stator-current vector is separated into two elements iSx and iSy, which are 
perpendicular to each other. As a result, the torque and the rotor flux can be independently controlled by 
adjusting either iSx or iSy, respectively. It is similar to the control principles of separately excited DC motors, 
where both the torque and speed can be controlled precisely at the same time in a wide speed range.  
Thus, this RFOC model can be applied to many complex control applications in the industry. However, 
to achieve high performance, RFOC needs the accurately structural parameters of IMs as well as the 
feedback signals from sensors. Thus, the quality of IMDs depends on not only the condition of the machines  
(both electrical and mechanical parts) but also the states of sensors (reliable or failure) [3].  
In practice, abnormal operation of IMs could be happened due to the malfunctions of mechanical/ 
electrical parts or sensor errors where the speed sensor failure is one of the most severe problems [4-6].  
It makes the loss or inaccuracy in feedback signals and thus leads to incorrect actions of the controller. 
Furthermore, if such sensor failures cannot be detected and solved quickly, it can lead to more serious 
problems and then causes to damage the whole IM drive system [7]. In order to limit the effect of faulty 
sensors in the operation of IMs, FTC methods have been developed recently to maintain the stable operation 
of IMs. Those methods are classified into two major groups, Active FTC and Passive FTC, where the passive 
techniques are often designed to work offline against some predefined failures without changing the control 
structure [8, 9]. 
On the contrary, the active solutions need online checking the status of sensors and reconfigure  
the control structure if finding any failure of the actual measurement system. The active FTC systems 
comprise three sequential steps: fault detection, fault isolation, and reconfiguration, where the fault detection 
and fault isolation can also be combined in one step called the fault diagnosis. In this paper, we only focus on 
the diagnosis of speed sensor fault based on the active FTC scheme.  
The most common approach in the SSF diagnosis is based on the comparison between the physical 
sensor signals and state variables of the estimator (or observer). Any speed sensor fault will be detected if  
the error between physical and estimated signals exceeds a specific threshold [10-12]. According to  
the RFOC method, the electrical torque can be controlled by adjusting the iSy element in the rotating 
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coordinate system [x, y]. Moreover, due to the relationship between the electrical torque and the speed of 
IMs, to enhance the effectiveness and stability of the fault diagnosis algorithm, FTC needs four signals 
including physical and estimated rotor speeds as well as the iSy element of the measured and estimated stator 
currents [6, 13]. Another approach for diagnosing a speed sensor fault based on an adaptive rotor-resistance 
observer has been proposed in [5]. It was based on the idea that if there is a signal failure from the speed 
sensor occurring, the estimated rotor resistance is significantly changed in its amplitude. Thus, the authors 
analyzed the difference between the estimated and real rotor resistances to determine the SSF case. 
In this paper, we propose a novel method combining two methodologies based on stator currents and 
based on the reference rotor speed to diagnose any failure of the speed sensor. The proposed diagnosis 
algorithm includes two main parts. The first, we compare the measured and estimated stator currents together 
to detect the possible fault in the speed sensor. Next, a difference between the measured and the reference 
rotor speeds is checked to prevent the confusion by the failure of current sensors themselves. It means that 
we could base on the difference between the measured and estimated stator currents to diagnose any possible 
faults in the speed sensor instead of directly checking between measured and estimated rotor speeds.  
This proposed SSF diagnosis method can effectively apply for IMs’ applications at the low-speed range 
where the speed sensor signal often suffers from noise while other similar algorithms would be complicated 
to handle in that such condition. Besides, an estimation value of rotor-time constant (RTC) is also applied to 
enhance the accuracy of the proposed diagnosis method. The simulations of FTC in MATLAB/Simulink 
have been implemented in various speed ranges to verify the effectiveness of the proposed method.  
The results show that the FTC using the proposed diagnosis algorithm effectively works in both normal and 
low-speed ranges. The remaining of this paper is organized as follows: In Section 2, the main ideas of  
the proposed fault diagnosis method are described in details; in Section 3, the performance of the proposed 
approach is verified through simulations of FTC in various operating speeds; and finally, conclusions are 
given in Section 4 
 
 
2. FAULT DIAGNOSIS ALGORITHM FOR THE SPEED SENSOR FAILURE 
This section includes two contents. The mathematical model based RFOC of IMs is presented in  
the first, and the main idea of the proposed fault diagnosis algorithm of FTC is described in detail later. 
 
2.1.  Mathematical model of IMD according to the RFOC technique  
According to the RFOC technique, the space vector of stator currents is separated into two 
perpendicular elements iSx and iSy in the rotating coordinate system [x,y], as shown in Figure 1 [14] where  
the magnetizing current corresponding to the rotor flux is standing on the axis x. In this way, the rotor flux 
can be controlled by iSx, and iSy is used to control the electrical torque of IMs similar to the idea of controlling 





Figure 1. Principle of vector control 
 
 
The three-phase stator currents and the rotor speed signal measured from sensors and the voltage 
signals calculated from switching signals of the inverter combining DC link voltage are transferred to  
the RFOC control loop, as shown in Figure 2. The Clark’s formula is used to transform the quantities from 
the three-phase system [a, b, c] to the stationary coordinate system [α, β] as shown in (1) and the Park’s 
formula is applied to transform the stator currents from the stationary coordinate system [α, β] to the rotating 
coordinate system [x, y] as shown by (2). That current model of IMs is applied to calculate the magnetizing 
current corresponding to the rotor flux, flux angular speed, and rotor flux angle [15]. We can see  
the transformations as following: 
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From the mathematical relationships described above, the control block diagram based on RFOC 
applied in this paper is expressed in Figure 2. The controller executes the control loops to achieve the control 
variables, and then these variables are transformed from the rotating reference frame back to the stationary 
reference frame by reversing the Park’s transformation. Finally, the reverse Clark’s transformation is applied 
to transform the control variables from the two-phase system [α, β] to a three-phase system [a, b, c] and these 
reference variables are employed to control the switching inverter by the sine pulse width modulation 
(SPWM) method. Thus, the performance of the controller based on RFOC is closely related to the accuracy 
of physical signals measured from the current and speed sensors, and any abnormal condition of 





Figure 2. Control block diagram based on the RFOC combined with FTC 
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In order to improve the IMDs’ operation under abnormal conditions where the measurement signals 
are insufficient, an FTC module is added on the control schemes to diagnose and resolve the failure of 
sensors. Its methodology is based on comparing the physical signals from sensors and the estimated values 
from observers (estimators). It works like a switch between two controlling modes, normal and fault tolerate 
modes. At normal condition, the controller uses the measured rotor-speed signal as the feedback signal to 
implement the control action, but if there is any malfunction happened in the rotor-speed sensor, 
it is switched to FTC mode where the physical signal will be replaced by the estimated values. Thus, we need 
to supervise and detect any possible failure of that such speed sensor, and that is the aim of this research. 
 
2.2.  The diagnosis algorithm to detect failures in the speed sensor  
As mentioned in the previous part, the rotor speed signal from the sensor has an important role in 
determining the state variables of IMDs, like the rotor flux, electromagnetic torque, etc. in the control 
scheme. Therefore, if occurring any failures of the speed sensor during operation, we need to detect, isolate, 
and replace that insufficient signal by a more suitable signal immediately. In the past, most of the existing 
SSF diagnosis methods [10-12] directly detect the speed sensor failure according to the deviation between  
the measured speed signal and the estimated signal. The below condition is a fault detector where a fault of 
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Consequently, the estimated speed signal is used in both the diagnosis phase and the reconfigure 
phase of the control scheme in the FTC mode [12]. It makes the system highly depending on the sensitivity of 
the speed estimation algorithm that could lead to insufficient performance when there is any bad interference 
in that such estimator’s quality. Moreover, at the low-speed range, the speed sensor signal often suffers from 
noise. Thus, the result of the SSF diagnosis could be seriously affected by the accuracy of the speed 
measurement system. Therefore, it is necessary to develop some new ideas to enhance the performance of  
the FTC mode in various speed zones. 
In this proposed FTC approach, we suggest the SSF diagnosis algorithm based on the current model 
where the comparison between the measured and estimated stator currents is applied to detect the speed 
sensor failure. After that, the speed signal in the controller based RFOC uses the estimated rotor speed 
determined from the model reference adaptive system (MRAS) [15-17] in the reconfiguration step.  
From the current model of IMs [18], the actual stator currents can be calculated from the rotor speed and  
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and structural parameters of IMs according to the voltage model [18] 
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Suppose that we replace the actual rotor speed ωR with the measured signal of the speed sensor ωR_m in (6), 





S S R R







  (8) 
 
From (6) and (8), the difference between actual and estimated stator currents can be displayed by 
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From (9), by analyzing the stator current space vector and the rotor flux space vector in the stationary system 
[α, β], we can receive equations (10), (11), (12) as follows: 
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Thus, the difference between the actual and measured rotor speed can be determined according to the stator 
current and the rotor flux in the stationary system [α, β] [16] as below. 
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Where, the actual stator currents iSα, iSβ are measured from the current sensors and transformed into  
the stationary system [α, β] by Clark’s formula; the estimated stator currents ˆ
Si  ,
ˆ
Si   are derived from 
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Moreover, in (13) the rotor time coefficient (RTC), TR=RR/LR, is an important parameter that affects 
the accuracy of the diagnosis algorithm. Due to the influence of the environment temperature in operation, 
TR can be changed, but we cannot directly measure this quantity [20-25]. Thus, we need to estimate 
the appropriate rotor time coefficient because it could cause an undesired error in the diagnosis method if it is 
far from the actual value. From the mathematical model of IMs, we have a relationship of the rotor time 
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From two above equations, we estimate the rotor time coefficient from 
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It is the indication function (Findication) to identify the speed sensor failure according to the difference between 
measured and estimated stator currents, the rotor flux, and the estimated rotor time coefficient. In the normal 
operation condition, the estimated stator currents should be the same with the measured signals from current 
sensors, so the value of the speed error indication function in (21) approximately equals to zero. If occurring 
any failure of the speed sensor, there is a significant deviation between the estimated and measured current 
values that leads to an increase in the Findication value and that such failure can be recognized. However, 
this Findication function could make a mistake in identifying the speed sensor fault if the current sensors fail 
themselves. To prevent this mistake, an additional condition called Fref comparing between the measured 
speed ωR_m and the reference speed ωR_ref is added to the diagnosis algorithm as shown by 
 
_ _Fref R m R ref    (22) 
 
Finally, the proposed diagnosis algorithm includes two parts, as described in (21), (22). The first one 
comparing between the measured and estimated stator currents to detect the possible fault in the speed 
sensor, and the second comparing between the measured and the reference rotor speeds to prevent  
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The SSF diagnosis algorithm can surely identify any speed sensor fault according to the Fspeed where 
the values of “threshold_1” and “threshold_2” are predefined depending on the accuracy level of the actually 
installed sensors. In this paper, we propose the setting values about 10% of the rated stator current, and 10% 
of the reference rotor speed for threshold_1 and threshold_2, respectively. Thus, the proposed SSF diagnosis 





Figure 3. Flowchart of the speed sensor failure diagnosis algorithm 
 
 
Furthermore, this proposed SSF diagnosis method can effectively apply for IMs’ applications at  
the low-speed range where the speed sensor signal often suffers from noise while other similar algorithms 
would be complicated to handle in that such condition. That advantage comes from the idea of independently 
using the stator current model to detect the speed sensor fault because the current sensor signal is less 
affected by the noise in various speed zones. It means that any failure condition of the speed sensor can be 
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clearly distinguished according to the difference between the real and estimated stator currents even though 
the noise affecting the speed sensor signal. Thus, the proposed approach can be effectively applied to 
diagnose the failure of speed sensors in various speed ranges. 
 
 
3. SIMULATION RESULTS  
In this part, the proposed SSF diagnosis method has been verified through various operation speeds 
of the IM in the case of totally disconnecting the speed sensor signal. The simulations have implemented in 
the MATLAB/SIMULINK environment with the parameters of the IM shown in Table 1. 
 
 
Table 1. The parameters of the induction motor 
Description Symbol Unit Value 
Rated Power Pn kW 2.2 
Rated Voltage Un V 400 
Rated Torque Tn Nm 14.8 
Rated speed ωn rpm 1420 
Rated stator current IS A 4.85 
Stator resistance RS Ω 3.179 
Rotor resistance RR Ω 2.118 
Mutual inductance Lm H 0.192 
Moment of inertia J Kgm^2 0.047 
Pole pair number p - 2 
Stator inductance LS H 0.209 
Rotor inductance LR H 0.209 
Rated Rotor flux ΨSn Wb 0.757 
 
 
3.1.  Normal-speed range  
In the first case, the IM is operated at the normal speed range with a constant load torque of 5 N.m 
from t=0.5sec. As shown in Figure 4 below, the reference speed steps up 50% of the rated speed (710 rpm) at 
t=0.5 sec and keeps to t=3 sec, then reduces according to a ramp line from 3.0 sec to 3.5 sec back to 25% of 
the rated value (355rpm). Suppose at t=2.0 sec, there is a fault of the speed sensor occurring, and  
the value of the speed signal is down to zero immediately. Figure 5 depicted the instability and incorrect 





Figure 4. Rotor speed and three-phase current of IM 
in the healthy sensors-condition at normal-speed 
 
Figure 5. The rotor speed of IM in the SSF-condition 
at normal-speed without FTC method 
 
 
Figure 6 shows the speed deviation between actual and estimated speed signals determined from  
the stator currents according to the Findication where it changes from zero corresponding to the normal 
condition to a significant value after t=2 sec due to losing the sensor signal. According to (23), because this 
speed deviation is higher than Threshold 1-value, it makes the indication flag of the speed sensor failure 
going up immediately at that time. The performance of the proposed FTC method against the speed-sensor 
fault has been demonstrated in Figure 7. Here, when losing the feedback speed signal, the rotor oscillates in  
a short time, and then the FTC module quickly isolates the physical speed input and replaces it by  
the estimated rotor speed from the MRAS estimator to maintain the stable operation of the IM drive.  
The result shows that FTC implements the control action very well because the actual controlled speed keeps 
closely tracking the reference speed. 
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Figure 6. The rotor speed difference of diagnosis 
algorithm and the indication flag of SSF at  
normal-speed with the FTC method 
 
Figure 7. Rotor speed and three-phase current of IM 




3.2.  Low-speed range  
In this demonstration, we use the same control system and SSF diagnosis algorithm as the previous 
case. The reference speed steps up 10% of the rated speed (142 rpm) at t=0.5 sec and keeps to t=3 sec, and 
then reduces according to a ramp line from 3.0 sec to 3.5 sec back to 5% of the rated speed (71 rpm).  
When occurring a speed sensor fault at t=2 sec, the sensor signal goes down to zero, and it makes the speed 
deviation calculated from the proposed SSF diagnosis algorithm changing rapidly at that time. 
Instantaneously, the FTC function is implemented against that such failure, and the indication flag surge to  
a high level, as shown in Figure 8. Then, the speed estimator will provide an alternative speed signal for the 
RFOC loop of the IM drive. As a result, the actual speed trajectory still perfectly keeps the speed reference 






Figure 8. The rotor speed difference of diagnosis 
algorithm and the indication flag of SSF at  
low-speed with the FTC method 
 
Figure 9. Rotor speed and three-phase current of IM 




Furthermore, we have also implemented the traditional SSF diagnosis methods, which is based on 
the comparison between the measured and the estimated signals [10-12]. These simulations were performed 
by the parameters similar to the two cases above. Due to the simplicity of the diagnosis algorithm,  
the SSF-detection time of the traditional methods is shorter than the proposed method, and the faulty speed 
signal is quickly replaced by the estimated value. As a result, the speed characteristic applying the traditional 
diagnosis method achieves stability faster than that of using the proposed method, as shown in Figure 10. 
However, in practice, due to the noise affected on the measured speed signal in the low-speed operation,  
the traditional SSF diagnosis algorithm is not surely recognized the failure quickly as presented in  
the theoretical simulations. 
Besides, a disadvantage of the traditional FTC methods is very sensitive to the estimated rotor 
speed, which could be affected by the quality of the speed estimation methods or current sensor failures. 
When occurring a current-sensor fault, the estimated speed value determined by the estimator is inaccurate; 
thus, it could be mistaken with the speed sensor failure and replace the healthy speed sensor signal by  
a wrong estimated value. Therefore, this misdiagnosis can lead to a breakdown of the whole IMD system.  
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To verify the robustness and reliability of the proposed FTC method, some simulations under  
the confusional state with a current sensor failure have been implemented by both traditional and  
the proposed method. Here, the motor has been operated at normal and low-speed ranges while occurring 
failure of the current sensor in one phase. Figure 11 presents the performance of both traditional and 
proposed FTC methods at a reference of 50% of the rated speed while occurring a current sensor failure in 
phase A at t=2.5 sec. As shown in Figure 11(b), the performance of the traditional FTC approach is 
unsuccessful from the moment of occurring the current sensor failure because the SSF diagnosis is mistaken, 
and its controller is switched to using the inaccurate estimated speed value. In contrast, the IM system 
operated under the proposed FTC method still keeps stably in the same situation because the SSF diagnosis 
has recognized exactly the trouble in the current sensor that is not the failure of the speed sensor. 






Figure 10. The rotor speed of IMD in the SSF-condition with traditional FTC method: 










Figure 11. Comparison between traditional and proposed FTC methods at normal speed range:  
(a) Three-phase stator currents (current failure in Phase A),  
(b) Performance of the traditional FTC method with a current sensor failure,  
(c) Performance of the proposed FTC method with a current sensor failure 
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Similarly, Figure 12 presents the performance of both traditional and proposed FTC methods at  
a reference of 10% of the rated speed while occurring a current sensor failure in phase A at t=2.5 sec.  
As shown in Figure 12(b), the performance of the traditional FTC approach is totally unstable from  
the moment of occurring the current sensor failure because the SSF diagnosis is mistaken, and its controller is 
switched to using the inaccurate estimated speed value. In contrast, the proposed SSF diagnosis can 
recognize exactly the trouble in the current sensor, not the failure of the speed sensor. Still, due to the lack of 
the stator currents, the control loop of the FTC mode is unable to keep the appropriate performance of IMs 
even though it still is much better than the performance of traditional FTC methods. Figure 12(c) shows  
the operation of IDM based on the proposed FTC method in the low-speed range. 
Therefore, from the results depicted by Figures 11 and 12, we can say that under a current sensor 
fault, the traditional FTC method makes the IDM system collapsed utterly. On the contrary, thanks to  
the preventive function against the mistake with the failure of the current sensor, the proposed SSF diagnosis 
approach works effectively. Thus, the idea of using the stator current mode in the proposed SSF diagnosis 












Figure 12. Comparison between traditional and proposed FTC method at the low-speed range: 
(a) Three-phase stator currents (current failure in Phase A);  
(b) Performance of traditional FTC method with a current sensor failure;  




This paper has proposed a novel diagnosis method based on the stator current model combined with 
the confusion prevention condition, which avoids mistaking the current sensor fault with the speed sensor 
fault. The advantage of the proposed algorithm is the separation between the diagnosis step and  
the reconfiguration step in the FTC mode of IMDs. A modified estimation algorithm of the RTC is also 
provided to strengthen the accuracy of the diagnosis method. Various tests have been performed to verify  
the effectiveness and robustness of the proposed approach in many speed ranges. The simulation results have 
proved the high competence of the proposed method to accurately detect the failure of the speed sensor and 
keep a stable operation of IM drive systems at various speed ranges. It could be a new approach to  
the diagnosis algorithm applied to detect multiple sensor failures. 
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